Aims: To investigate the prevalence of H. pylori antigen in the stools of Norwegian neonates and small children. Methods: A total of 249 children aged 0 days-3 years were tested for the presence of H. pylori antigen in feces using the HpSA immunoassay. For verification purposes, a selection of samples were analyzed with PCR targeting the 16 S rDNA Helicobacter gene. Results: H. pylori antigen in stool was detected in 52% (36/69) of the neonates, in 15% (7/46) of infants aged 7 days-1 month, and in 5% (7/134) of children aged 1 month-3 years. In neonates, H. pylori antigen detection was significantly associated with mode of delivery: 59% (30/51) with uncomplicated vaginal births were HpSA positive compared to only 10% (1/10) of infants delivered by cesarean section (Ps0.02). Positive PCR results were found in 35% (9/26) of HpSA positive samples. Sequencing of PCR products revealed 97-100% homology with gene sequences from both H. pylori and other Helicobacter species. Conclusions: The low H. pylori antigen detection rate in children )1 month of age is in accordance with previous prevalence studies from Western countries. The unexpected finding of a high H. pylori antigen detection rate in neonates suggests that transient colonization may occur in the neonatal period.
Introduction
Infection with Helicobacter pylori has been associated with gastric diseases such as acute gastritis, gastric and duodenal ulcers, gastric lymphoma and gastric adenocarcinoma w20x. It is believed that H. pylori colonization of the gastric mucosa leads to lifelong chronic infection and that acquisition of infection mainly occurs in childhood. The prevalence of H. pylori infection in small children is low in the Western world w1, 13x. In developing countries, however, the prevalence in children is high ()80%) and similar to that of the adult population w18x. The route of transmission is not entirely clear, but is most likely fecal-oral or oral-oral w1x. The aim of the present study was to investigate the prevalence of H. pylori infection in normal healthy neonates, infants, and small children in a Western country.
Methods

Subjects and samples
The study population consisted of healthy children aged 0-3 years from the Southeastern part of Norway. Stool specimens (5 mL) were collected from the diapers. The recruitment took place in the maternity ward at the National hospital (Rikshospitalet-Radiumhospitalet HF) in Oslo and in outpatient mother-and-child clinics in two nearby cities (Drammen and Drobak) . Only apparently healthy children were included, by opportunistic sampling. Fecal specimens from the children were either collected upon presentation in the outpatient clinic or the mother was asked to bring a fresh sample. From the newborn infants, the fecal (meconium) specimens were taken right after their first defecation at day 1 or 2 after birth. The specimens were stored at -208C for up to one month and thereafter at -708C. Upon accepting to take part in the study, the parents were asked to fill out a questionnaire about the child's age, number of siblings, country of origin, feeding manner, presence of gastrointestinal symptoms and parental smoking status. With regards to the newborn infants, medical data concerning pregnancy and mode of delivery were collected from the medical files.
HpSA ELISA
For detection of Helicobacter pylori, the Premier Platinum Helicobacter pylori stool antigen immunoenzymatic test HpSA (Meridian Bioscience Inc., Ohio, USA) was performed according to the instructions of the manufacturer, utilizing around 200 mg of feces. Diluted stool samples were incubated in micro-wells coated with rabbit antibodies against H. pylori antigens and then with rabbit anti-H. pylori antibody conjugate in the presence of 
DNA extraction and PCR
For verification purposes, fecal specimens of 52 infants (26 positive and 26 negative by HpSA-testing) were selected for further testing by PCR. Genomic DNA was extracted using the QIAamp Stool Mini Kit (Qiagen GmbH, Hilden Germany), which allows removal of DNA-damaging substances and PCR inhibitors present in the stool. The DNA extraction was performed according to the manufacturer's instructions with minor modifications: the temperature and time for bacterial lysis was increased from 708C for 5 min to 958C for 10 min w17x. A H. pylori strain from the local collection was used as positive control for the PCR assay. DNA from H. pylori was isolated using Prepman Ultra (Applied Biosystems, California, USA). PCR amplification with Helicobacter specific primers was performed in 25-mL reaction volumes containing Tris buffer. The primers consisted of two specific 16S rDNA oligonucleotides, designated HPF (59GCG ACC TGC TGG AAC ATT AC 39) and HPR (59 CGT TAG CTG CAT TAC TGG AGA 39), which generated a 138-bp DNA product (4). Fifty thermo-cycles were performed at 608C. DNA polymerase, MgCl 2 solution, chelating buffer, deoxynucleoside triphosphates dNTP and the primers were used for amplification step. The DNA lysates were analyzed by electrophoresis on an 8% agarose gel, each trial included a positive and a negative control.
The identity of PCR products was established via sequencing performed by Lark Technologies (Essex, UK) using PCR-matching primers. Obtained sequences were analyzed with the Sequence Scanner 1.0 program and subjected to the homology search analysis using the NCBI databases and BLAST algorithm (http://www.ncbi.nlm.nih.gov/BLAST/).
Statistical analyses
Binary logistic regression was used for statistical analyses. The significance level was set at values of P-0.05.
Results
A total of 249 children enrolled in the study; 69 newborn babies and 180 children aged from 7 days to 3 years. The male/female ratio was 124/125. H. pylori antigen was detected in the stool of 50 of 249 children by the HpSA method. The detection rate varied significantly with age (P-0.001). H. pylori antigen was detected in 52% (36/69) of the newborn infants and in 15% (7/46) of infants aged between 7 days and 1 month (Table 1) . After the neonatal period, the proportion of H. pylori antigen positive children dropped dramatically to only 5% (7/134) in the age group between 1 month and 3 years (Table 1) .
H. pylori antigen status and mode of birth
The H. pylori antigen detection rate in newborn infants was significantly associated with mode of birth: 59% (30/51) of infants with uncomplicated vaginal births tested positive, compared to 10% (1/10) of infants delivered by cesarean section (Ps0.02), and 71% (5/7) of infants undergoing instrumental vaginal delivery (ventouse cup or obstetric forceps, Ps0.5 N.S.). No significant associations were found between H. pylori antigen status and other factors connected with birth, i.e., pregnancy length, smoking during pregnancy, hypertension, proteinuria, duration of labor, duration of ruptured membranes, infant weight or length and APGAR score.
H. pylori antigen status, ethnicity and baby care practices
In neonates, neither ethnicity nor feeding practices showed any relationship with detection rate of H. pylori antigen. However, for children older than one week of age, the parental ethnic origin was significantly associated with positive HpSA test results: In children with one or both parents of foreign origin (majority from Africa and Asia), 16% (7/44) were HpSA positive, compared to only 5% (7/136) of children with both parents from Norway (Ps0.03).
Factors such as the number of household members, parental smoking or breast-feeding status were not associated with the H. pylori antigen detection rate in any age group. In total, 98% (176/180) of the infants older than one week of age had been partly or solely breast-fed during the first three months of life. None of the four infants fed solely with milk supplements during the first three months of life tested positive for HpSA.
Methodological results
A single 138 bp PCR product was expressed in the positive control and in 23% (12/52) of the samples retested by PCR (Figure 1 ). In total, 9 out of 26 (35%) HpSA positive stool samples were positive by the PCR method. Five of these PCR positive samples were from neonates. PCR analysis was also performed in 26 HpSA negative samples and 3 (12%) out of these turned out positive. Sequencing of the PCR products showed 97-100% similarity to Helicobacter 16S rDNA gene sequences with maximum 90/90 identities. Significant alignments were found with various H. pylori strains gene sequences (e.g., GenBank Accession number CP000241.1) as well as other Helicobacter strains such as H. nemestrinae (AF348617.1), H. cetorum (AY143175.1) and H. tursiopsae (AF317325.1).
Discussion
The main and very unexpected finding of this study is that H. pylori antigen in stool was detected by the HpSA test in 52% of the newborn babies. To our knowledge a similar finding from a Western industrialized country has not been previously described. Studies from neighboring northern European countries w5, 11x have demonstrated a low prevalence of H. pylori infection in small children but have not investigated infants in the perinatal period. Fujimura et al. investigated stool samples from 50 Japanese infants at three days of age and found only one infant (2%) testing positive by the HpSA method, but 15 (30%) tested positive by PCR w3x. We are unable to find good explanations for the discrepancy in prevalence using the antigen-test between their findings and ours, but both studies have a high occurrence of H. pylori-antigen or nucleic acid in the perinatal period. Interestingly, the frequency of positive HpSA tests in the present study decreased rapidly in the perinatal period, from 52% (neonates 0-2 days), to 15% (at 1-4 weeks) before dropping to 2% (at 1-6 months) ( Table 1) . The H. pylori detection rate found in children older than one month of age is in accordance with previous prevalence studies w5, 11x.
The HpSA test method is a non-invasive procedure and has been recommended for detecting H. pylori infection in children w14x. In pediatric populations, the sensitivity and the specificity of the test have been found to be adequate, between 85-100% and 82-99%, respectively w8x. The HpSA test utilizes polyclonal antibodies and the possibility exists of detecting other bacteria or perinatal transitory antigens, which cross-react with H. pylori. The finding of a high number of positive tests among neonates necessitated an attempt to confirm the results by a different method. Due to its high specificity and ability to detect even the smallest amounts of target DNA, PCR was chosen. Various parts of the H. pylori DNA have been targets for PCR. In this study, a part of the 16 S ribosomal DNA was selected, due to its presence in multicopies in each bacterium. Although previously claimed to be 100% specific to H. pylori w4x, several Helicobacter species have now been identified which all share a large homology in this gene sequence w9, 19x. This was also demonstrated in the present study in the homology analyses of the sequenced PCR products.
DNA extraction from stool is challenging, mainly because of the presence of inhibiting substances in feces/meconium that would yield successful DNA extraction in only 20-60% of the samples w9, 17x by using the QIAamp Stool Mini Kit. For control purposes we also tested 26 HpSA negative samples with the PCR method, finding three PCR positive tests. This may indicate that the PCR analysis turned out to be more sensitive than the antigen test in our samples in which DNA extraction was successful. Indeed, the sensitivity of the actual PCR reaction is supposed to be nearly 100% w9, 17x.
If the HpSA test results in this study are truly positive and representing the actual presence of H. pylori antigen in the gastrointestinal tract, a great proportion of infants are assumed to encounter H. pylori in the neonatal period. As most children older than one month of age seem to be cleared of H. pylori, the encounter is not likely to result in a persistent infection. Recent studies have disclosed that acquisition of Helicobacter pylori infection in children does not necessarily result in persistent infection in all cases w12, 21x. A weakness of the present study is that repeated sampling were not performed. However, no evident differences (i.e., ethnicity or socioeconomic status) between the newborn babies and the older children were found to explain the great variation in H. pylori detection rate with age.
The fact that H. pylori antigen in the present study was detected in only 10% of infants delivered by cesarean section compared to 59% of infants born by normal vaginal birth, suggests that transmission from mother to child probably occurs during the baby's passage through the birth canal. Conversely, a study involving serological testing of mother's blood and cord blood, concluded that vertical transmission in pregnancy is unlikely w10x. Unfortunately, the research protocol did not test fecal samples from the mothers. The prevalence of H. pylori infection in Norwegian women around 30 years of age has been estimated to be 10-15% w7x. Thus, there is an obvious discrepancy between the likely prevalence in mothers and the high H. pylori detection rate in neonates found in our study. Further studies are necessary to evaluate whether an intermittent colonization with Helicobacter strains occur in the neonatal period.
